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Solid state nuclear track detectors are used in very broad fields of technical applications
and successfully applied in different areas of environmental physics and geophysics.
Radon concentration and surface exhalation rate for phosphate samples from El-Sebaeya
and Abu-Tartur, Egypt, were measured using nuclear tracks detectors from types CR-39
and LR-115. The average values of radon concentration are 12711.03 and 10925.02 Bqm3
in El-Sebaeya area using CR-39 and LR-115 detectors, respectively. Also the average values
of radon concentration are 15824.16 and13601.48 Bqm3 in Abu-Tartur area using CR-39
and LR-115 detectors, respectively. From the obtained results we can conclude that the
average values of radon concentration in Abu-Tartur are higher than El-Sebaeya. The
present study is important to detect any harmful radiation which, can be used as reference
information to assess any changes in the radioactive background level in the surrounding
environment.
Copyright © 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
There are three natural isotopes of the radioactive element
radon 222Rn originate in the 238U decay serieswith a half-life of
3.82 days, thoron (220Rn) is in the 232Th chain with a half-life of
55.6 s, actinon (219Rn) is in the 235U series with a half-life of
4 s (IAEA, 2003). Radon can be considered to be of the most
dangerous radioactive elements in the environment (Mansur
et al., 2005). The most important mechanism of exposure is
the inhalation of the short lived decay products of the prin-
cipal isotope, 222Rn with indoor air. Concentrations of 222Rn
and its progeny are usually higher in indoor air than inm, h_yosef2003@hotmail.
gyptian Society of Radiat
iety of Radiation Sciences
icense (http://creativecomoutdoor air, exceptions are in tropical regions, where 222Rn
concentrations in well ventilated dwellings are essentially the
same as in outdoor air (UNSCEAR, 1993). When radon gas is
inhaled, densely ionizing alpha particles emitted by deposited
short-lived decay products of radon (218Po and 214Po) can
interact with biological tissue in the lungs leading to DNA
damage (WHO, 2009). The exposure to high level of radon gas
through breathing of air increases the risk of lung cancer
(Ramadan, 2012). Fertilizers are used for reclaiming the land
and improving the properties of crops. Super phosphate is the
fertilizer most commonly used in Egypt and it is manufac-
tured from the reaction between sulfuric acid, phosphate rock
and water (El-Zakla, Abdel-Ghany, & Hassan, 2007; Rehman,com (H.A. Yousef).
ion Sciences and Applications.
andApplications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
Fig. 1 e Plastic cylindrical container of the samples.
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izers over a period of decades could eventually increase the
radium and uranium content of the soil, whichwould result in
corresponding increasing of the dose from this source (Ashraf,
Higgy, & Pimpl, 2004).
Phosphate deposit of sedimentary origin contains higher
concentration of 238U and its decay products than phosphate
from volcanic or biological origin (Korkmaz & Turgut, 2005).
The Egyptian phosphate is widely distributed in many local-
ities on the Red Sea, Nile Valley (El-Sebaeya) and Western
Desert. The deposits in the first two districts are relatively rich
in phosphate and are exploited at several mines, but those of
the Western Desert are of low grade except at Abu-Tartur
mine (Ahmed, Abbady, El-Kamal, Steinhausler, & El-Arabi,
2001).
Abu-Tartur phosphate project is the largest phosphate
mines in the Middle East. The mining area is located in the
heart of the Western desert of Egypt (60 km from El-Kharga
City, and 10 km from the main road between the two Oases
El-Kharga and El-Dakhlah) (Ahmed, 2003; Ashraf, 2012), but El-
Sebaeya area found in the south of Esna city (Luxor), Western
Nile Valley.
The present work aimed to determine the values of radon
concentration and surface exhalation rate for phosphate
rocks samples from El-Sebaeya and Abu-Tartur areas, Egypt.
The present study is important to detect any harmful radia-
tionwhich, can be used as reference information to assess any
changes in the radioactive background level.2. Materials and methods
Radon concentration and surface exhalation rate for phos-
phate rocks samples collected from El-Sebaeya and Abu-
Tartur areas, Egypt were measured using solid state nuclear
track detectors from types CR-39 and LR-115. Ten samples
were collected from each region. The samples were crushed,
dried in oven at 110 C for 3 h, minced, sieved by 1 mmmesh,
weight carefully and sealed for one month in cylindrical
containers with dimensions of 6 cm in diameter and 12 cm in
height. Each sample container was capped tightly to an
inverted cylindrical plastic cover as shown in Fig. 1 in order to
get equilibrium.
CR-39 (American Technical Plastic, Inc.) and LR-115 (Kodak
Pathe, France) detectors of area 1.5 cm  1.5 cm fixed at the
bottom center of the inverted plastic cover. During the expo-
sure time of a-particles from the decay of radon and their
daughters bombard the detectors in the air volume of the
cylindrical containers. After the exposure period CR-39 and
LR-115 detectors were removed carefully from the Can. CR-39
detector etched in NaOH solution with condition 6.25 N at
70 ± 1 C for 7 h. After etching CR-39 detectors were washed in
distilled water and then dipped for fewminutes in a 3% acetic
acid solution, washed again with distilled water and finally
dried (Zarrag, El-Araby, & Elhaes, 2012). In the case of LR-115
detector etched in 2.5 N of NaOH in water bath at 60 ± 1 C
for about one hour. After the chemical etching LR-115 de-
tectors were washed in distilled water and then placed in a
solution of (50 ml water þ 50 ml ethyl alcohol) again washed
usingwater and dried in air (Belafrites, 2008). After etching CR-39 and LR-115 detectors, the tracks were counted using an
optical microscope with a magnification of 640. The value of
radon concentration in (Bqm3) at secular equilibrium given




Where, CRn is radon concentration (Bqm
3), r is the track
density (track cm2), T is the exposure time (day) and h is the
calibration coefficient of CR-39 and LR-115detectors in
(tracks cm2 day1/Bqm3) (Hafez, El-Farrash,& Yousef, 2011).








Where, EA is the surface exhalation rate in (Bqm
2 h1), CRn
is the radon concentration in (Bqm3 h1), l is the decay
constant of radon (h1), V is the effective volume of the Can
(m3), A is the area covered by the can (m2) and T is the irra-
diation time (Rehman et al., 2006; Barooah, Phukan,& Baruah,
2011).3. Results and discussion
The values of radon concentration and surface exhalation rate
for phosphate samples are listed in Table 1, which represents
a comparison between the values of radon concentration and
surface exhalation ratewhichweremeasured using CR-39 and
LR-115 detectors. In El-Sebaeya area the values of radon
Table 1 e Comparison between radon concentration and surface exhalation rate using CR-39 and LR-115 detectors.
Area No. CR-39 LR-115
CRn (Bq m
3) EA (Bq m
2 h1) CRn (Bq m
3) EA (Bq m
2 h1)
El-Sebaeya 1 2358.03 ± 50.87 2.12 ± 0.04 2024.61 ± 93.28 1.82 ± 0.08
2 1422.51 ± 39.554 1.28 ± 0.03 1220.79 ± 72.44 1.10 ± 0.06
3 14519.82 ± 126.07 13.09 ± 0.11 12478.70 ± 231 11.25 ± 0.20
4 680.66 ± 27.44 0.61 ± 0.02 584.60 ± 54.88 0.52 ± 0.04
5 34311.30 ± 193.78 30.94 ± 0.17 29496.68 ± 356.08 26.60 ± 0.32
6 17527.71 ± 138.51 15.80 ± 0.12 15066.44 ± 254.48 13.58 ± 0.22
7 12184.84 ± 115.50 10.99 ± 0.10 10471.28 ± 212.15 9.44 ± 0.19
8 4708.32 ± 71.83 4.24 ± 0.06 4044.94 ± 131.86 3.64 ± 0.11
9 29502.39 ± 179.69 26.61 ± 0.61 25361.47 ± 330.17 22.87 ± 0.29
10 9894.73 ± 104.09 8.92 ± 0.09 8502.54 ± 191.17 7.66 ± 0.17
Average 12711.03 11.46 10925.20 9.84
Abu-Tartur 1 13109.42 ± 119.80 11.82 ± 0.10 11266.51 ± 220.06 10.16 ± 0.19
2 13811.88 ± 122.96 12.45 ± 0.11 11872.61 ± 225.90 10.70 ± 0.20
3 16240.96 ± 133.33 14.64 ± 0.12 13961.71 ± 325.53 12.59 ± 0.29
4 10164.99 ± 105.50 9.16 ± 0.09 8734.66 ± 193.76 7.87 ± 0.17
5 18679.88 ± 142.99 16.84 ± 0.12 16055.10 ± 262.72 14.48 ± 0.23
6 21699.81 ± 154.11 19.57 ± 0.13 18651.43 ± 283.15 16.82 ± 0.25
7 24595.00 ± 104.11 22.18 ± 0.09 21144.59 ± 302.15 19.07 ± 0.27
8 19198.94 ± 188.09 17.31 ± 0.13 16502.15 ± 266.33 14.88 ± 0.24
9 12738.94 ± 188.09 11.49 ± 0.16 10948.42 ± 216 9.87 ± 0.19
10 8001.80 ± 93,61 7.21 ± 0.08 6877.68 ± 171.94 6.20 ± 0.15
Average 15824.16 14.26 13601.48 12.26
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tector ranged between (680.66 ± 27.44 to
34311.30 ± 198.78) Bqm3 and (0.61 ± 0.02 to
30.94 ± 0.17) Bqm2 h1, respectively. In the case of LR-115, the
values of radon concentration and surface exhalation rate
ranged between (584.60 ± 54.88 to 29496.68 ± 356.08) Bqm3
and (0.52 ± 0.04 to 26.16 ± 0.22) Bqm2 h1, respectively.
In Abu-Tartur area, the values of radon concentration and
surface exhalation rate using CR-39 ranged from
(8001.80 ± 39.61 to 24595.00 ± 304.11) Bqm3 and (7.21 ± 0.08 to
29.18 ± 0.09) Bqm2h1, respectively. In case of LR-115 detec-
tor, the values of radon concentration and surface exhalation
rate ranged from (6877.68 ± 171.94 to 21144.59 ± 302.15) Bqm3
and (6.20 ± 0.15 to 19.07 ± 0.27) Bqm2 h1, respectively.
The average values of radon concentration equal 12711.03


















Fig. 2 e The comparison between the values of radon
concentration for El-Sebaeya and Abu-Tartur areas using
CR-39 detector.115 detectors, respectively. Also the average values of radon
concentration equal 15824.16 and 13601.48 Bqm3 for Abu-
Tartur area using CR-39 and LR-115 detectors, respectively.
From the obtained results we can conclude that the average
values of radon concentration in Abu-Tartur are higher than
El-Sebaeya. Fig. 2 shows the comparison between the values
of radon concentration for El-Sebaeya and Abu-Tartur areas
using CR-39 detectors.
Sample number 5 has a high value of radon concentration,
using CR-39 and LR-115 detectors. This means that the values
of radon concentration high in this position due to increasing
the values of uranium concentration, so that we can save
costs and the dig time and concern the dig in this position
because, its rich by phosphate ore. A high-grade phosphate
product suitable for fertilizers and other phosphate com-















Fig. 3 e The comparison between the values of radon

















Fig. 4 e The comparison between the values of surface
exhalation rate for El-Sebaeya and Abu-Tartur areas using
CR-39 detector.


















Fig. 6 e The correlation relation between radon
concentration and surface exhalation rate for El-Sebaeya
area by using LR-115 detector.
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concentration and the phosphate ore.
Also Fig. 3 shows the comparison between the values of
surface exhalation rate using CR-39 detectors for El-Sebaeya
and Abu-Tartur areas. From the obtained experimental re-
sults of Abu-Tartur area, sample number 7 has a high value of
radon concentration, this means that the values of radon
concentration high in this position due to increasing the
values of uranium concentration and indicate that, it is rich by
phosphate ore. But sample number 10 has a low value of radon
concentration due to this point has a low value of phosphate
ore. Phosphate ores are of two major geological origins,
igneous and sedimentary. The composition of phosphate ores
varies from one deposit to another. Therefore, phosphate
rocks from different sources are expected to behave differ-
ently in acidification processes (Adel, Mohsen, Ahmed,Magdy,
& Ahmed, 2013).
From the results we find that the average values of radon
concentration in Abu-Tartur are higher than El-Sebaeya. Fig. 4
gives the comparison between the values of radon concen-
tration for El-Sebaeya and Abu-Tartur using LR-115 detectors.


















Fig. 5 e The comparison between the values of surface
exhalation rate for El-Sebaeya and Abu-Tartur areas using
LR-115 detector.exhalation rate for El-Sebaeya and Abu-Tartur areas using LR-
115 detectors. The correlation relation between radon con-
centration and surface exhalation rate using LR-115 detectors
for El-Sebaeya given by Fig. 6 which equal (R2 ¼ 1). Also the
correlation relation between radon concentration and surface
exhalation rate using LR-115 detectors for Abu-Tartur given by
Fig. 7 and equal (R2 ¼ 1). It a good agreement between both
measurements of radon concentration and surface exhalation
rate.
The correlation coefficient is linear because the values of
exhalation rate depend on radon concentration since the
volume of the cup, the area of the sample and decay constant
of radon are the same for all samples. A positive correlation
has been observed between radon concentration and the
exhalation rate in phosphate samples. The radon exhalation
study is important for understanding the relative contribution
of the material to the total radon concentration found in the
phosphate samples and helpful to study radon health hazard.
The comparison between the obtained experimental results
and the published data in different countries is given by Table
2. The values of radon concentrations in the phosphate are
higher than the worldwide limit and the obtained results
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Fig. 7 e The correlation relation between radon
concentration and surface exhalation rate for Abu-Tartur
area by using LR-115 detector.





Egypt 2440e29,000 4.16e26.24 Mohamed, 2012
Egypt 8.90e1675.40 0.02e4.12 Saad, 2008
Egypt (fert.) 10.00e1244.00 0.05e2.35 Maged & Saad, 1998
Libyan 59.3e949.0 0.061e0.441 Saad, Abdllah, & Husseein, 2013
Morocco 66.01e70.23 Fahad, 2001
KSU 58.53e145.34 0.011e0.0311 Zarrag et al., 2012
India 277.78e13.89 0.348e0.0174 Kakati, 2014
Iraq 13.00e1197.00 0.26e2.40 Jebur et al., 2014
Egypt (El-Sebaeya) 584.60e29496.68 0.52e26.16 The present work
Egypt (Abu-Tartur) 6877.68e21144.59 6.20e19.07
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This work is important to detect any harmful radiation in the
surrounding environment, which, can be used as reference
information to assess any changes in the radioactive back-
ground level. The search for phosphate rock deposits became
a global effort in the 20th century as demand for phosphate
rock increased. Phosphate ores used to manufacture super
phosphate fertilizerwhich,most commonly used in Egypt. It is
manufactured from the reaction between sulfuric acid,
phosphate rock and water.
The values of radon concentrations ranged from 680.66 to
34311.30 Bqm3, 8001.80e24595 Bqm3 using CR-39 detector
for El-Sebaeya and Abu-Tartur areas, respectively. But using
LR-115 detectors were ranged from 584.60 to 29496.68 Bqm3,
6877.68e21144.59 Bqm3 for El-Sebaeya and Abu-Tartur areas,
respectively. From the obtained results we find that the
average values of radon concentration for Abu-Tartur area are
higher than the values of radon concentration for El-Sebaeya
area. The variation in the values of radon concentrations is
due to the difference in the chemical composition and the
geological form of the samples.
The obtained results with each other of the activity
concentrations of radon using CR-39 and LR-115 detectors
are consistent, while the percentage of errors in CR-39 are
lower than LR-115. The percentage of error is referring to the
partial sensitivity of the detectors, detector material, track
density, the etching and counting techniques. CR-39 detec-
tor is widely used for radon and considered as the best op-
tion to measure the outdoor radon concentration. The
results of the present study shall help to determine the po-
sitions which have the highest value of radon and phos-
phate ores. The values of radon concentrations are higher
than the range of action levels from 200 to 600 Bqm3 rec-
ommended by ICRP (1994). We conclude that the values of
radon concentrations in the phosphate are higher than the
worldwide limit and not safe for human, so that we must
use personal protective masks to protect ourselves from
inhalation radon and live far from the studied areas to
minimize the exposure time of radiation. Also we must
repeat the measurements to detect the variation in the
concentration of radioactive radionuclides that affect the
surrounding environment.r e f e r e n c e s
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